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其次阐述了 MAC 层协议的软件硬件实现。采用 FPGA 和 MPC850 组成的嵌入
式系统，由 FPGA 完成业务数据和控制信令的组包和拆包，以及数据速率的匹配、
TDMA 时隙控制和数据收发缓存处理；由 MPC850 完成对协议软件状态机的计算和
控制；通过合理设计和控制软件和硬件的协同工作，由软件控制、硬件执行各种协
议状态机动作，完成 MAC 层的协议控制，从而实现了 MAC 层协议。 
后，介绍了系统的调试方法和调试结果。通过 MAC 层的控制信道自环和业
务信道自环，证明了软件和硬件对信令和业务数据的处理是正确的；通过共享式
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Abstract 
During the past decade, wireless ad hoc networks have become progressively more 
and more popular in both military and civil areas, which due to its distinguishing 
characteristics as following: strongly network constructing, highly mobility, rapidly 
transmission, various services supporting, conveniently maintenance, and etc. This thesis 
is based on the design and implementation of ad hoc MAC protocols. 
First of all, access protocol and data communication protocol are designed in ad hoc 
MAC layer, according to the requirements in both transport layer and network layer. Due 
to the TDMA mechanism in transport layer, this thesis proposes the TDMA slot 
synchronization based on mutual reference. Via this technique, the slot of every node can 
be adjusted to a stable location by distributed controlling protocol, on the basis of a 
reference time in the global network. By analysis and simulation, a delay adjusting 
algorithm with highly anti-jamming capability is addressed, achieving the reference time 
in the whole network. 
Secondary, both the software and hardware implementations of the MAC protocol 
are presented. This embedded system consists of FPGA and MPC850. The functions of 
FPGA are packing & unpacking the TCH pack and DCCH pack, matching the data rate, 
timing for TDMA controlling, and buffering the transceiver data. Besides, controlling and 
calculating the FSM (finite state machines) of the software protocol are realized on 
MPC850. By cooperating the software with the hardware, various actions of the state 
machines can be controlled by the MAC layer, thus MAC layer protocol is completed. 
Finally, this thesis presents the debug methods and results of this system. By 
self-looping of the TCH and the DCCH on MAC layer, our software and hardware 
protocols dealing with the message and data are proved to be quite right. Moreover, 
debugging on unicast or multicast construction is accomplished by HUB sharing. The 
performance of FSM is all right, and the mutual reference based slot synchronization 
could be realized. Besides, combined operations with other subsystems like transport 
layer success, which confirms an entire system composed of this MAC layer system and 
other subsystems, and the performance works quite well. 
 










































- I - 
目  录 
第 1 章 绪  论 ........................................................................................ 1 
§1.1 自组网功能概述 ............................................................................................1 
§1.2 自组织网接入技术 ........................................................................................2 
§1.2.1 接入协议概述 ....................................................................................... 2 
§1.2.2 常见的自组网 MAC 协议介绍 ............................................................ 5 
§1.2.3 常见 MAC 协议的分析比较 ................................................................ 7 
§1.3 课题研究意义 ................................................................................................9 
§1.4 论文结构和内容安排 ..................................................................................10 
第 2 章 自组网 MAC 层的协议设计 .................................................. 11 
§2.1 随机接入协议 .............................................................................................. 11 
§2.2 时隙同步协议 ..............................................................................................13 
§2.2.1 时隙的互同步技术 ............................................................................. 14 
§2.2.2 时延调整协议 ..................................................................................... 20 
§2.3 链路监测协议 ..............................................................................................24 
§2.3.1 连通表的建立 ..................................................................................... 24 
§2.3.2 连通表的维护 ..................................................................................... 26 
§2.4 数据广播协议 ..............................................................................................27 
§2.5 本章小结 ......................................................................................................29 
第 3 章 自组网 MAC 层的协议实现 .................................................. 30 
§3.1 协议信令设计 ..............................................................................................30 
§3.1.1 协议信令的描述 ................................................................................. 30 
§3.1.2 协议信令的编码 ................................................................................. 31 
§3.1.3 协议信令的传送 ................................................................................. 32 
§3.2 协议的软硬件实现 ......................................................................................33 
§3.2.1 软硬件的任务划分 ............................................................................. 33 
§3.2.2 硬件电路设计 ..................................................................................... 34 













无线自组网通信系统 MAC 层设计 
 
- II - 
§3.3 本章小结 ...................................................................................................... 53 
第 4 章 自组网 MAC 层的调试........................................................... 54 
§4.1 MAC 层自环调试........................................................................................ 54 
§4.1.1 数据处理自环测试 ..............................................................................54 
§4.1.2 点对点组网测试 ..................................................................................57 
§4.2 点对多点对接调试 ...................................................................................... 59 
§4.3 系统联机调试 .............................................................................................. 63 
第 5 章 总结和展望 .............................................................................. 64 
§5.1 所完成的工作 .............................................................................................. 64 
§5.2 后期工作展望 .............................................................................................. 65 
参考文献 .................................................................................................. 67 
















- III - 
Catalog 
Chapter 1 Preface..................................................................................... 1 
§1.1 Introduction to Ad hoc Networks ...................................................................1 
§1.2 Introduction to MAC Protocols...........................................................................2 
§1.2.1 Summary of MAC Protocol ....................................................................... 2 
§1.2.2 MAC Protocols for Ad hoc Networks ......................................................... 5 
§1.2.3 Performance analysis for Ad hoc MAC protocols ......................................... 7 
§1.3 Research Purpose ...............................................................................................9 
§1.4 Thesis Contents Arrangement ...........................................................................10 
Chapter 2 Designing of Ad hoc MAC Protocols ............................... 11 
§2.1 Random Access Protocol ............................................................................ 11 
§2.2 Slot Synchronization Protocol .....................................................................13 
§2.2.1 Mutual-Reference Based Slot Synchronization ................................. 14 
§2.2.2 Slot Synchronization Protocol Based on Mutual-Reference ............... 20 
§2.3 Radio Link Monitor Protocol ............................................................................24 
§2.3.1 Establishment of Adjacent Matrix ............................................................ 24 
§2.3.2 Management for Adjacent Matrix ............................................................. 26 
§2.4 Broadcast Protocols .........................................................................................27 
§2.5 Summary.......................................................................................................29 
Chapter 3 Implementation of MAC Protocols .................................. 30 
§3.1 Implementation for Signalling ..........................................................................30 
§3.1.1 Description for Protocol Signalling .......................................................... 30 
§3.1.2 Codeing and Decoding for Protocol Signalling .......................................... 31 
§3.1.3 Transmition of Protocol Signalling .................................................... 32 
§3.2 Implementation of Protocol with Software & Hardware .......................................33 
§3.2.1 Assignment for Software & Hardware ...................................................... 33 
§3.2.2 Implementation Circuits .......................................................................... 34 
§3.2.3 Cooperation Between Software and Hardware ........................................... 47 
§3.3 Summary.........................................................................................................53 
Chapter 4 Debuging for MAC Protocols ........................................... 54 













无线自组网通信系统 MAC 层设计 
 
- IV - 
§4.1.1 Self-Loop Debug for TCH .......................................................................54 
§4.1.2 Point to Point Debug in MAC Layer .........................................................57 
§4.2 Point to Multiple Points Debug ........................................................................ 59 
§4.3 System Debug .............................................................................................. 63 
Chapter 5 Summary............................................................................... 64 
§5.1 Summary of this Dissertation ........................................................................... 64 
§5.2 Future Work ................................................................................................ 65 
References ............................................................................................... 67 















- 1 - 
第 1 章 绪  论 







































无线自组网通信系统 MAC 层设计 
 






扶助残疾人的生活，等等。将众多家电设备系统联成对等结构的 Ad Hoc 无线网络，
设备间是对等智能通信，不需要中心节点的协调，可以采用多跳路由来节省能量，
很适合家庭网络中设备的移动性低的要求，且不需过多考虑网络的移动性限制。家
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